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@) Intraocular lens with resilient haptics. 

(§7) An improved intraocular lens is disclosed 
with at least one filamentary haptic composed 
of a continuous matrix material interspersed 
with a toughening amount of discrete particles 
of a multistage, sequentially produced elas- 
tomeric polymer. An improved process for prep- 
aring a single-piece intraocular lens is also 
disclosed. The process involves preparing a 
composite lens blank by molding pellets com- 
posed of a continuous polymeric material in- 
terspersed with particles of a multistage, 
sequentially produced elastomeric polymer ab- 
out a central optic lens core so as to produce a 
single lens blank having a toughened annular 
region surrounding the central optic region, 
and then machining at least one filamentary 
haptic from the toughened annular region to 
prepare the lens. 
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n*. U V w ? a " ' mprOVed intraocular ,ens fo ' implantation in the eye following removal of the 

SEL ♦ K l SUr9ery - M ° re SP6Cif iCa,,y ' il re,ates to such an intraocula ' 'ens with at least one 

filamentary support member, or "haptic", which exhibits an increased resistance to breakage during man*" 

m nr? e H f ila t m ^ ntary haptic of an intraocular lens is designed to facilitate insertion of the lens into the eye and 

I* TT ° f imP ' anted l6nS t0 Prevent the lens from ^centering. The filamentary haptic is 
attached to and extends outwardly from the periphery of the optical lens body. Most intraocularTenses have 
two hapt.es displayed at positions 1 80° apart from each other on the optical lens body 

It is cnt,cal that the haptic of the lens exhibits adequate resiliency and significant resistance to breakaae 

Me?£LZ TT ^ h f iC materia ' S SUCh 35 P<*y>"»y^ offer acceptable resistenc7to bre^Lge 
other convenbonally used hapt.c materials such as polymethylmethacrylate (PMMA) are brittle and are fr^ 

2Z IT 6 ThiS Prob ' em beC ° meS eSP6Cially 8CUte when the are cut from a Sngfe 

lens blank to prepare a one-piece lens with integrally attached haptics. The problem of haptic breaTaqe tea 
senous one and efforts have been made to provide the haptics with an increased resistant te b^ akage 

One such effort is disclosed in U.S. Patent 5,037,435. The "435 patent describes preparingln^artens- 
0 VSS T P T^"^ hi9h fr8CtUre tOU9hneSS - The haptics are com P° sed * a PoSmJ -ZSESi Zr, 
matenals disclosed .nclude titanium dioxide, fumed silica, barium sulfate and copper phthalocyanate Sc 

hto^o t h T" ? " tly inCreaS6d fraCtUre tOU9hness because the P article concentration in the matriL 
oro^e Z r*rj ny r f ' Cial imPaCt ' the in ° r9aniC materials disc,osed do «* ^part desired toughness 
suS no f C °" Centration - ln addition . th « incompatibility of conventional elastomeric materials 

y b r? ,ene - W ' th 8 ri9id P °' ymer maWx SUCh as PMMA ' P revents leasing the concenfrafen of 

t^ e,aStome " C P3, : tiC,eS l ° an am ° Unt neCeSSary t0 improve breakaae "^"ce without dS sWng 
the physical and mechanical properties of t he rigid polymer matrix oiminisning 

with'r. V ' eW ? deficiencies of the P rior art - would be desirable to fabricate an improved intraocular lens 
w.thf,.amentary support haptics thatexhibitan enhanced ability to withs^ 

SUMMARY OF THE INVENTION 

n^nl*! 6 L" Ve . nti0 « iS an j m P roved intraocular lens of the type having a central lens body and at least one f ila- 

theSJTf ' C . ateCh . 6d to and eXtendi " 9 ° UtWard,y fr ° m the P eri P her y of the The impro^emen to 

the mtraocularlens relates to the filamentary haptic, which for this invention is composed of a continuous malS 

SElSSC? ^ * M " *— * 8 "~ se q uent ia ~^ 

In another aspect, the invention is an improved process for making a one-piece intraocular lens Aone- 

a d at'teiTo"^ ^ 8 " T^'T^ * maChining 3 Sing ' e ,6nS Reform a ce^a" tens b^y 

Tent ^ Th " amentary hapt,c ,nte 9 ral, y attac hed to and extending outwardly from the periphery of the 
LronrSf/' 'T^T 6 "' in the P roc ** relates to first making a lens blank b 'molding il.ete oHhe ap^ 

mX a lT P0Sl i ,0n ^ b ° Ut 8 CylindriCal ° PtiC ,6nS COre - The Pe,,ets are composed of a c^ntinuourpo^er 
matnx .nterepersed w.th a toughening amount of discrete particles of a multistage. sequentially-producS e£s 
tomenc polymer. This molding operation results in an integral lens blank having a tougnened Cu^fon 

fromTh'l I" 9 a K Cen ?' ° Pti ? re9i ° n - The ' enS b ' ank 030 then be machined to form « leastoneTamen^y h^tic 
from the toughened annular region in which the filamentary haptic is integrally attached to and extends out- 
wardly from the periphery of a central lens body, exienas out 
A filamentary haptic of the improved intraocular lens of this invention exhibits surprisingly dramatic resis 
stS^ 

JSSS^Sh^T T C ° nv u entional Posing equipment. The resistance to breakage is achievU 
w.thout the loss of the phys.cal or mechanical integrity of the haptic, or any other property which is necessarv 
for P roperfunct,on,ng and useof the haptic. .n addition, the properties of Coptic lens body remain unchanged 

BRIEF DESCRIPTION OF THE DRAWINGS 

mJ^T 1 fe as c hemati c digram of an individual particle of the multistage, sequentially-produced elasto- 
^SSSi " thrOU9h0Ut maWX m8terial ° f th6 ' ilamentary ha P« c °' a " intrao^la'TeS 
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Figure 2 is photomicrograph illustration at a magnification of 25.000X showing the morphology of the fi- 
lamentary haptic. 

Figure 3 is a perspective view of a brittleness tester used for determining the resistance to breakage of 
the haptic of an intraocular lens. 

Figure 4 is a top plan view of a one piece intraocular lens showing the location and direction of rotation 
used in brittleness testing. 

Figure 5 is a top plan view of a mold chase used to mold the toughened resin around optic cores. 

Figure 6 is a top plan view of a composite blank containing toughened PMMA resin around an optic core. 

DETAILED DESCRIPTION OF THE INVENTION 

The multistage, sequentially-produced elastomeric polymer particles are critical for imparting the fracture 
resistance to the matrix material of the filamentary haptic. Processes for preparing such elastomeric polymers 
are well known, and described, for example, in U.S. Patent 3,793,402, incorporated by reference herein. The 
overall bulk properties of the polymer particles are such that the elastomeric stages of the particles have a 
glass transition temperature (Tg) below room temperature and exhibit a sufficiently high molecular weight or 
are adequately crosslinked to achieve solid, rubber-like properties. An additional important factor in the bulk 
properties of the particles is that the particles must be compatible or made to be compatible with the matrix 
material from which the haptic is composed. Unlike conventional elastomeric particles, this compatibility can 
be achieved when the particles are made using the multi-stage, sequential process. 

Figure 1 illustrates an elastomeric polymer particle used for imparting breakage resistance to the haptic 
matrix material. As can be seen from Figure 1, the multistage, sequential production of the polymer yields a 
polymer particle that has three substantially discrete layers of polymeric materials exhibiting different proper- 
ties. 

The inner "core" layer, denoted in Figure 1 as Component A, is made in the first stage of the production 
of the sequentially-produced elastomeric polymer. It should be nonelastomeric and glassy. It must have a Tg 
greater than room temperature, preferably 60°C or greater, and can be composed of a polymer of an ester of 
acrylic or methacrylic acid, which polymer is crosslinked to provide its desired properties. The preferred poly- 
mer in the core layer is crosslinked PMMA. 

Surrounding the core component of the polymer particle is a sequentially-produced intermediate layer, 
Component B, and a separate and distinct outer layer, or "shell", Component C. Component B is an elastomeric 
polymer, preferably composed of a polymer of an alkyl acrylate, such as butyl acrylate. Alternatively, it can be 
composed of butadiene or substituted butadiene (substituted with, for example, isoprene. chloroprene and 2,3 
dimethylbutadiene). The elastomers of this stage are those that have a Tg of 25°C or less. Preferred are those 
elastomers having a Tg less than 10°C, and most preferred are those elastomers having a Tg less than -10°C. 
Component B imparts the bulk elastomeric properties to the polymeric particles. Component C is a relatively 
hard polymer similar to the polymer of the core component of the particle. As used herein, a "hard" polymer 
refers to a glassy polymer which has a Tg above room temperature, preferrably 50°C or higher. The material 
from which Component C is made is preferably crosslinked PMMA, but critically, it must be made up of a material 
which is compatible with the matrix material from which the haptic is composed. For purposes of this invention, 
the material from which Component C is made is "compatible" with the haptic matrix material if Component C 
has a chemical composition similar to the composition of the haptic matrix. 

The finely divided, discrete elastomeric polymer particles should be of a particle size in the submicron 
range. If the particles are substantially larger than submicron size, then the particles may have a tendency to 
agglomerate and therefore create nonuniformity in the properties of the filamentary haptic. Advantageously, 
the particle size ranges from about 100 to about 300 nanometers (nm), preferably from about 160 to about 
280nm. 

The continuous matrix material from which the haptic is made is preferably polymeric. The most preferred 
matrix material is composed of crosslinked PMMA, although other materials such as copolymers of methyl me- 
thacrylate and other biocompatible polymers can be used. 

The amount of polymer particles necessary to provide significant toughening to the filamentary haptic can 
generally range from about 5 to about 65 percent of the weight of the haptic, preferably from about 35 to about 
45 percent. This relatively high solids loading is possible because of the compatibility of the multi-stage, se- 
quentially-produced particles with the polymer matrix. If the amount of particles is less than 5 percent, then 
the likelihood of achieving a beneficial effect on the impact resistance of the haptic is small. If the amount of 
toughening particles is greater than about 65 percent, then there is a strong possibility that the overall physical 
and mechanical properties of the haptic may be compromised. 

The most preferred formulation for the preparation of the filamentary haptic is commercially available in 
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the form of molding pellets (often referred to as "molding powder), which consists of individual pellets that 
are composed of the matrix material interspersed with a toughening amount of the discrete particles of the 
multistage, sequentially-produced elastomeric polymer. A particularly preferred molding powder resin from 
which the haptics can be made is Plexiglass® DR® acrylic molding pellets. 
5 Figure 2 represents a photomicrograph of a toughened filamentary haptic of the improved intraocular lens 

of this invention. The photomicrograph clearly depicts discrete elastomeric particles, which in this case have 
been made using the multistage process, interspersed within a continuous matrix. The outer shell layer of each 
of the discrete particles is well defined by the dark ring surrounding the periphery of each of the particles 
The shell layer prevents the discrete particles from agglomerating even at relatively high concentrations so 
10 that uniformly improved haptic performance can be achieved. 

The filamentary haptic can be attached to the optic lens body of the intraocular lens through chemical 
hernial or other known physical processes. Preferably, two haptics are attached to the periphery of the optic" 
lens body at diametrically opposed positions on the optic. 
« t,. ChemicaH y- the to"9hened haptics can be attached to the optic lens body by a copolymerization process 
is Th.s process involves placing an optic core in a suitable tubular mold, pouring into the mold a polymerizable 
composition suitable for preparing the matrix material of the haptic. which composition contains the toughening 
particles, and then polymerizing the curable resin in the mold to prepare an optic lens blank having a toughened 
annular, region from which the haptic members can be lathe cut. Ideally, the annular region configured about 
the optic core is colored by adding a suitable dye into the matrix material before polymerization. See for ex- 
20 ample. U.S. Patent Nos. 5.089.180 and 4.961 .746. ymenzaiion. ^ ror ex 

Alternatively, the filamentary haptics can be attached to the optic lens body by conventional physical 
means, for example, by staking. Bonding can also be achieved by conventional solvent welding processes 

The preferred process for attaching the filamentary haptic to the lens body of the intraocular lens is a proc- 
ess in which the haptics are integrally attached to the lens body in a one-piece intraocular lens configuration 
This processing can be most readily achieved either by compression molding or injection molding. In fact the 
desired haptic composition lends itself perfectly to such processing because of the availability of molding pow- 
der in the form of pellets which are composed of the toughened elastomeric polymer particles interspersed in 
the desired polymeric matrix of the haptic. 

In the compression molding process, the optic core, or optical lens body, is placed in a suitable mold con- 
figured to allow for the molding of the annular haptic region about the central optic core. Once the optic core 
is placed in the mold, the molding powder pellets of the desired composition, for example. Plexiglas® DR® 
acrylic molding pellets, are placed in the mold completely surrounding the optic core. The mold is then heated 
to a temperature sufficient to soften the pellets, and then pressure is applied by compression in the mold to 
bring the optic core and the softened pellets into contact for properfusion and shaping of the composite lens 
wank. Compression also induces necessary degassing of pockets of air which form between individual pellets 
during the fusing process. Following compression at an adequate pressure for a suitable period of time the 
mold is released and the temperature of the prepared composite blank is lowered. The composite blank can 
then be machined on a lathe to fabricate the filamentary haptics from the toughened annular region surround- 
ing the ; optic core of the lens blank. 

Another method for preparing a composite lens blank from which the haptics can be machined for the prep- 
aration of an improved one-piece intraocular lens of this invention would be the use of conventional injection 
mowing processes well known in the art. Similar to the process scheme for compression molding, the injection 
molding process would utilize molding pellets composed of the desired matrix material of the haptics toughened 
with appropriate multistage, sequentially produced polymeric particles. In one embodiment, the pellets can be 
injection molded to form the configuration of an annular ring, or "donut", which can then be placed over an 
optical core rod which would form the lens body of the intraocular lens. By application of heat and pressure 
the toughened donut could be fused to the optic rod for the preparation of the lens blank similar in configuration 
to the lens blank made by the compression molding process described above. 

As used herein, the term "pellets" is used expansively to refer to not only traditional pellets but also der- 
ivatives of pellets which can be formed using conventional processing techniques. For example, molding pellets 
can be milled or pulverized to make a fine, powder-like substance. For the purposes of this invention, such a 
substance or any colorable imitation thereof would still be considered "pellets". 

Other means for integrally attaching the filamentary haptic to the lens body of the one-piece intraocular 
lens are well within the scope of those skilled in this art. For example, in addition to the methods illustrated 
above for such attachment, the molding powder formulation for the preparation of the haptics can be extruded 
about an optic core rod through a conventional wire extrusion dye used for the preparation of coated wires 
and coated tubular members. 

In another embodiment of this invention, the haptics are tinted or colored to provide a better visual aid dur- 
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ing surgery by incorporation of a suitable dye into the haptic composition. Although many means for accom- 
plishing the incorporation of a dye into the haptic composition described herein can be envisioned, one such 
method would involve compounding the dye into the desired molding pellet formation for the haptic composition 
by conventional extrusion techniques. Similarly, the dye can be incorporated into the proper molding compo- 
sition in a compression or injection mold. 

The following examples are designed to illustrate the preferred embodiments of this invention, and should 
not be construed in any way to limit the full breadth and scope of that which is defined as the invention in the 
appended claims. 

BRITTLENESS TEST METHOD 

Figure 3 shows a brittleness tester 1 0 used for determining the resistance to breakage of the haptic of an 
intraocular lens. The lens 20 is placed in a fixture 11 that holds the lens securely by the lens body of the lens. 
As shown more clearly in Figure 4, the optic-haptic junction of the lens is placed at the center of rotation 13 
on the tester. The tester operates by moving the rotatable pin 14 against one of the haptics 24. This forces 
the haptic to rotate around the center of rotation 13 in a clockwise direction. The speed of rotation can be con- 
trolled from a computer interface 15, and can be varied up to 900 degrees per second using stepper motor 1 6. 
The maximum rotation angle is 140°. The encoder 17 accurately measures the rotation angle and feeds the 
information through the computer interface. The rotating arm 18 and strain gauge 19 allow the accurate meas- 
urement of force necessary to move the haptic. The individual haptic thickness and width measurements are 
entered into a computer in order to calculate stress from the force measurements. A stress-angle curve ob- 
tained through brittleness testing is similar to a typical stress strain curve obtained by conventional mechanical 
testing. Stress strain testing gives an indication of the strength of a material and also its toughness. Toughness 
is defined as the area under the stress-strain curve or stress-angle curve. The brittleness test is, therefore, 
an effective tool to evaluate haptic performance against breakage. 

EXAMPLE 1 - Compression Molded Lens 

Referring now to Figures 5 and 6 in combination, an intraocular lens with toughened, impact-modified hap- 
tics is fabricated from a composite rod blank 60 containing an annular region 50 of molded Plexiglass® DR® 
acrylic resin centered about, and bonded to, a PMMA optic core rod 40. A number of composite rod blanks can 
be produced simultaneously by compression molding of the DR® resin around the optic core rods in a mold 
chase 30. The mold chase has a mold plate 32 containing a plurality of cavities for the optic core rods, and an 
open area 34. DR® pellets 50a are loaded in the open area surrounding the optic core rods. The mold chase 
is then heated at 210 ± 5°C for 10 minutes in a press prior to molding at a pressure of 1 0,000 lbs. The composite 
blanks, each about 16 mm in diameter, are then machined from the molded sheet. The lens is then fabricated 
from the molded composite blank using standard lens manufacturing processes. The brittleness test results of 
the impact modified haptics and a competitive lens, Control #1, are presented in Table 1. 

The lenses tested as Control #1 are made from a proprietary material formulated with a low concentration 
of biocompatible particulates in the haptics to supposedly give increased haptic toughness. 



Table 1 Brittleness Test Results 



Ex. No. 


Sample ID 


Model 


Max. Angle or Angle at 
Break deg 


Fracture Rate 


Control #1 


Intraocular Lens 


ORC Flexeon®C410 


37 


100 


#1 


Intraocular Lens 


Plexiglas®DR® acryl- 
ic resin toughened 
haptics 


>140 


0 



As shown from the data in Table 1 , lenses from Control #1 do not show improved resistance to haptic frac- 
ture. In contrast, the data indicate no haptic breakage upon brittleness testing for the lens of this invention hav- 
ing the toughened haptic material. Thus, the results demonstrate the ductile and flexible nature of the haptics 
toughened with the DR® acrylic resin. 
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The opto rod , 8 preheat 22Q T c l2t e n T V ' ty R ° Und Mate s ^e tool wi^LX t ar ° Und the °P« C 

Resm temperature: 260 cc 6 P ' aC ' n9 in the The mo/dZ co n fc * "T* the ° Ptic rod 

Mold temperature: c <>nd<t.ons used are listed below 

Injection pressure: f nn „ 

Injection speed: f ' 000 psi 

The lens is th f in 3 /sec 
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Control #1 
Control #2 

#2 



Sample ID 
Intraocular Lens 
Intraocular Lens 

Intraocular Lens 



Model 

ORCFiexeon® C410 

lolab UV grade PMMA 
8590B 

Violet Plexiglas® DR<§> 
acrylic resin tough- 
ened haptics 



Max. Angle or Angle at 
Break deg 
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Wth naptics t ^ d ™^ PMMAIenses. , n con^a! tL7J n W resista "<* 

of the controls. ° R ® resi " show a dramatically reduced " 8 invention ™<e 

rate in comparison to those 

Claims 

; ^«rK5s~r * ^ 

. T „ W " w,sc °"'»»<lofc ross i,„ kM 

wherein the polymeric matrix is crosslinked PMMA 
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7. The intraocular lens of any one of claims 1 to 6 wherein the toughening amount of discrete particles in- 
terspersed in the matrix material is between about 5 to about 65 percent, preferably between about 35 to 
about 45 percent, of the weight of the haptic. 

5 8. A process for preparing a one-piece intraocular lens made by machining a single lens blank to form a cen- 
tral lens body and at least one filamentary haptic integrally attached to and extending outwardly from the 
periphery of said lens body, wherein said intraocular lens is made by first molding pellets, composed of 
a continuous polymeric matrix interspersed with a toughening amount of discrete particles of a multistage, 
sequentially-produced elastomeric polymer, about a cylindrical optic lens core so as to form said lens blank 

10 having a toughened annular region surrounding a central optic region, and then machining said filamen- 

tary haptic form said toughened annular region. 

9. The process of claim 8 wherein said pellets are molded about said optic lens core by compression molding 
or injection molding. 

15 

10. The process of claim 8 or claim or claim 9, wherein said pellets comprise discrete particles and a contin- 
uous polymeric matrix as defined in any one of claims 2 to 7. 
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